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ABSTRACT 



Multi-wavelength light having a frequency band equal to or greater than the FSR of 
an AWG is demultiplexed into individual wavelength channels, and power level 
deviations between wavelength channels are suppressed. An optical demultiplexer 
includes a wavelength-group demultiplexer that demultiplexes multi-wavelength light into 
wavelength groups formed from wavelength channels, and channel demultiplexers that 
demultiplex each wavelength group into wavelength channels light. An optical 
multiplexer includes channel multiplexers that multiplex modulated signal light of each 
wavelength channel for each wavelength group, and a wavelength-group multiplexer that 
multiplexes, for each wavelength group, WDM signal light output from the channel 
multiplexers. The FSR of the wavelength-group multiplexer/demultiplexer is set to be 
equal to or greater than the frequency band of the multi-wavelength light. The channel 
multiplexer/demultiplexer is an AWG in which the FSR is approximately the full width at 
half maximum of the transmission characteristics of each port of the wavelength-group 
multiplexer/demultiplexer. 
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MULTI- WAVELENGTH OPTICAL MODULATION CIRCUIT AND 
WAVELENGTH-DIVISION MULTIPLEXED OPTICAL SIGNAL TRANSMITTER 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a multi-wavelength optical modulation circuit that 
demultiplexes multi-wavelength light, modulates the light of each wavelength channel 
using a plurality of optical modulators, performs wavelength division multiplexing on the 
modulated signal light, and then transmits it, and also relates to a wavelength-division 
multiplexed optical signal transmitter that uses this multi-wavelength optical modulation 
circuit. In particular, the present invention relates to a multi-wavelength optical 
modulation circuit and wavelength-division multiplexed optical signal transmitter that can 
demultiplex wideband multi-wavelength light output from a multi-wavelength generation 
light source into individual wavelength channels. In addition, the present invention 
relates to a multi-wavelength optical modulation circuit and wavelength-division 
multiplexed optical signal transmitter that can suppress power level deviations between 
each wavelength channel. 

Description of the Related Art 

In order to meet the demands in recent years for increased transmission capacity, the 
development of wavelength-division multiplexing (WDM) transmission systems in which 
a plurality of optical signals having different wavelengths are transmitted on a single 
optical fiber transmission path has been making progress. Recently, a WDM 
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transmission system in which the number of multiplexes has increased to several hundred 
channels has been reported, while WDM transmission systems having 160 channels are 
already being manufactured at the business use level. 

FIG. 30 shows an example of the structure of a conventional wavelength-division 
multiplexed optical signal transmitter provided with a multi-wavelength optical 
modulation circuit. The structure in this drawing is disclosed in, for example, a paper by 
N. Takachio et al. entitled "Wide area gigabit access network based on 12.5 GHz spaced 
256 channel super-dense WDM technologies'* in IEE Electronics Letters, Vol. 37, pp. 
309-3 1 0, March 1 , 2001 . In this drawing the wavelength-division multiplexed optical 
signal transmitter generates light in a plurality of wavelength channels by filtering 
(spectrum slicing) multi-wavelength light output from a multi-wavelength generation light 
source 98 1 using an optical demultiplexer 982. The light of each wavelength channel is 
then modulated respectively by a plurality of optical modulators 983-1 to 983-n, and the 
modulated signal light then undergoes wavelength-division multiplexing using an optical 
multiplexer 984 and is transmitted Multi-wavelength light includes a plurality of 
different wavelength components and the wavelength components can be separated into 
each wavelength component with each of these being able to be used as an optical carrier 
for a different signal. Multi-wavelength light is obtained by modulating the phase of 
laser light using a single frequency. Note that it is also possible to obtain 
multi-wavelength light using a mode-locking scheme (see a paper by H. Sanjoh et al. 
entitled "Multiwavelength Light Source with Precise Frequency Spacing Using a 
Mode-Locked Semiconductor Laser and an Arrayed Waveguide Grating Filter", IEEE 
Photonics technology letters, VOL. 9, No. 6, June, 1997). It is also possible to obtain 
super multi-wavelength light (super continuum light) by causing a non-linear effect in 
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pulse light. A light source that generates multi-wavelength light efficiently from one or a 
plurality of seed laser diodes in the manners described above is known as a 
multi-wavelength generation light source. In a conventional wavelength-division 
multiplexed optical signal transmitter an arrayed waveguide grating (A WG) filter is used 
as the optical demultiplexer 982 and the optical multiplexer 984. However, an AWG has 
a cyclic transmission characteristic in that all wavelengths with the space of free spectral 
range (FSR) are transmitted. Therefore, when an AWG for channel demultiplexing that 
has the same channel spacing as the multi-wavelength light demultiplexes wideband 
multi-wavelength light having multiplicity in which, for example, the wavelength number 
is 1000 channels or more, as is shown in FIG. 3 1, the frequency band of the 
multi-wavelength light exceeds the FSR of the AWG resulting in a plurality of 
wavelengths being output from a single output port Namely, in this type of AWG for 
channel demultiplexing it is not possible to demultiplex multi-wavelength light having a 
frequency band equal to or wider than the FSR into individual wavelength channels. 

Moreover, examples of the multi-wavelength generation light source 981 include 
those that use amplified spontaneous emission light (ASE light) output from an optical 
fiber amplifier, and those that use repetitive short optical pulses. 

When repetitive short optical pulses are used, as is shown in FIG. 32, the problem 
arises that a power level deviation is generated between each of the wavelength channels 
obtained by the spectrum slicing. If the power is not uniform for each wavelength, the 
cross-talk effect generated by the high powered wavelengths to the low powered 
wavelengths increases and excessive degradation may occur. Moreover, if the total 
power is decreased so that high powered wavelengths do not cause degradation due to the 
nonlinear effect, noise in the low powered wavelengths increases. 
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SUMMARY OF THE INVENTION 
It is an object of the present invention to enable multi -wavelength light having a 
frequency band equal to or wider than the FSR of an AWG to be demultiplexed into 
individual wavelength channels in a multi-wavelength optical modulation circuit and 
wavelength-division multiplexed optical signal transmitter that use a multi-wavelength 
generation light source to generate multi-wavelength light, demultiplex this 
multi-wavelength light, modulate the light of each resulting wavelength channel using a 
plurality of optical modulators, perform wavelength division multiplexing on the 
modulated signal light, and then output it In addition to this, it is an object of the present 
invention to provide a multi-wavelength optical modulation circuit and 
wavelength-division multiplexed optical signal transmitter that can suppress power level 
deviations between each wavelength channel. 

In order to achieve the above objects, the multi-wavelength optical modulation 
circuit of the present invention comprises: a wavelength-group demultiplexer that receives 
multi-wavelength light having a plurality of wavelengths and demultiplexes the 
multi-wavelength light into wavelength groups formed from the respective plurality of 
wavelengths; a plurality of channel demultiplexers that demultiplex each wavelength 
group into light of the respective wavelengths; a plurality of optical modulators that 
modulates the light of respective wavelengths demultiplexed by the channel 
demultiplexers with transmission signals; a plurality of channel multiplexers that 
multiplex the modulated signal light of each wavelength output from the optical 
modulators for each wavelength group; and a waVelength-group multiplexer that 
multiplexes the wavelength-division multiplexed signal light of each wavelength group 
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output from each channel multiplexer. 

Furthermore, the wavelength-division multiplexed optical signal transmitter of the 
present invention comprises: a multi-wavelength generation light source that generates 
multi-wavelength light having a plurality of wavelengths; and a multi-wavelength optical 
modulation circuit, wherein the multi-wavelength optical modulation circuit is provided 
with: a wavelength-group demultiplexer that receives the multi-wavelength light to 
demultiplex the multi-wavelength light into wavelength groups formed from the respective 
plurality of wavelengths; a plurality of channel demultiplexers that demultiplex each 
wavelength group into light of the respective wavelengths; a plurality of optical 
modulators that modulates the light of each wavelength demultiplexed by the channel 
demultiplexers with transmission signals; a plurality of channel multiplexers that 
multiplex the modulated signal light of each wavelength output from the plurality of 
optical modulators for each wavelength group; and a wavelength-group multiplexer that 
multiplexes the wavelength-division multiplexed signal light of each wavelength group 
output from each channel multiplexer. 

According to the present invention, it is possible to demultiplex multi-wavelength 
light having a frequency band equal to or greater than the FSR of an AWG into individual 
wavelength channels, by providing a wavelength-group multiplexer / demultiplexer and a 
channel multiplexer / demultiplexer in a multi-wavelength optical modulation circuit and 
wavelength-division multiplexed optical signal transmitter that use a multi-wavelength 
generation light source to generate multi-wavelength light, demultiplex the 
multi-wavelength light, modulate the light of each resulting wavelength channel using a 
plurality of optical modulators, perform wavelength division multiplexing on the 
modulated signal light, and then output the multiplexed light. Moreover, by matching the 
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frequency spacing of the seed lasers (e.g., semiconductor lasers) forming the 
multi-wavelength generation light source with the FSR of the AWG forming the channel 
multiplexer / demultiplexers, it is possible to apply AWGs having the same characteristics 
to different wavelength groups using the cyclic nature of AWG in which respective FSRs 
have the same transmission characteristics. Accordingly, there is no need to perform 
multi-product low volume production of the AWG that form the channel multiplexer / 
demultiplexers. In addition, it is possible to suppress power level deviations between 
wavelength channels that may be generated in the multi-wavelength generation light 
source. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to a first embodiment of the present 
invention. 

FIG. 2 is a diagram showing transmission characteristics of a wavelength-group 
demultiplexer 31 and a channel demultiplexer 32. 

FIG. 3 is a diagram showing another example of an optical spectrum of 
multi-wavelength light. 

FIG. 4 is a block diagram showing a first structural example of a multi-wavelength 
generation light source 1 . 

FIG. 5 is a diagram showing an output light spectrum of the first structural example 
of the multi- wavelength generation light source 1. 

FIG. 6 is a diagram showing transmission characteristics of an optical demultiplexer 
corresponding to the first structural example of the multi-wavelength generation light 
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source 1. 

FIG* 7 is a diagram showing a second structural example of the multi-wavelength 
generation light source 1. 

FIG. 8 is a diagram showing transmission characteristics of an optical demultiplexer 
corresponding to the second structural example of the multi-wavelength generation light 
source 1. 

FIG, 9 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to a second embodiment of the present 
invention. 

FIG. 10 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to a third embodiment of the present 
invention. 

FIG. 1 1 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to a fourth embodiment of the present 
invention. 

FIG. 12 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to a fifth embodiment of the present 
invention. 

FIG. 13 is a block diagram showing a structural example of a wavelength-division 
multiplexed optical signal transmitter that uses a multi-wavelength generation light source. 

FIGS. 14A to 14C are diagrams showing the principle of the multi-wavelength light 
generation by a multi-wavelength generation light source. 

FIG. 15 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to a sixth embodiment of the present 
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invention. 

FIG. 16 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to a seventh embodiment of the present 
invention. 

FIG. 17 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to an eighth embodiment of the present 
invention. 

FIG, 1 8 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to a ninth embodiment of the present 
invention. 

FIGS. 19A and 19B are block diagrams showing the structure of the 
wavelength-division multiplexed optical signal transmitter according to a tenth 
embodiment of the present invention. 

FIG. 20 is a block diagram showing an example of the structure of a conventional 
wavelength-division multiplexed optical signal transmitter that uses a multi-wavelength 
light source. 

FIG. 2 1 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to an eleventh embodiment of the present 
invention. 

FIG. 22 is a diagram showing the operation of gain equalization in the eleventh 
embodiment. 

FIGS. 23A and 23B are block diagrams showing the structure of the 
wavelength-division multiplexed optical signal transmitter according to a twelfth 
embodiment of the present invention. 
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FIGS. 24 A and 24B are block diagrams showing the structure of the 
wavelength-division multiplexed optical signal transmitter according to a thirteenth 
embodiment of the present invention. 

FIG. 25 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to a fourteenth embodiment of the present 
invention. 

FIGS. 26 A and 26B are block diagrams showing the structure of the 
wavelength-division multiplexed optical signal transmitter according to a fifteenth 
embodiment of the present invention. 

FIG. 27 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to a sixteenth embodiment of the present 
invention. 

FIG. 28 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to a seventeenth embodiment of the 
present invention. 

FIG. 29 is a diagram showing optical power deviations at an input into the 
wavelength-division multiplexed optical signal transmitter and at an output from the 
wavelength-division multiplexed optical signal transmitter and an optical loss (gain) 
deviation in the seventeenth embodiment. 

FIG. 30 is a block diagram showing an example of the structure of a conventional 
wavelength-division multiplexed optical signal transmitter. 

FIG. 31 is a diagram showing transmission characteristics of an optical 
demultiplexer and an optical spectrum of multi-wavelength light in a conventional circuit. 

FIG. 32 is a diagram showing an optical spectrum of multi-wavelength light in a 
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conventional circuit. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[First Embodiment] 

FIG. I shows the wavelength-division multiplexed optical signal transmitter 
according to a first embodiment of the present invention. 

In FIG. 1 the wavelength-division multiplexed optical signal transmitter of the 
present embodiment is provided with a multi-wavelength generation light source 1 that 
generates multi-wavelength light having a plurality of wavelengths, a wavelength-group 
demultiplexer 3 1 that demultiplexes the multi-wavelength light into respective wavelength 
groups formed by a respective plurality of wavelength channels, channel demultiplexers 
32-1 to 32-m that demultiplex each wavelength group respectively into the plurality of 
wavelength channels, a plurality of optical modulators 33-1 1 to 33-mn that modulate the 
light of each wavelength channel respectively using transmission signals, channel 
multiplexers 34-1 to 34-m that respectively multiplex the modulation signal light of each 
channel for each wavelength group, and a wavelength-group multiplexer 35 that 
multiplexes the wavelength-division multiplexed signal light of each wavelength group 
output from each of the channel multiplexers. Components other than the 
multi-wavelength generation light source 1 form a multi-wavelength optical modulation 
circuit. 

The wavelength-group demultiplexer 31 and the wavelength-group multiplexer 35, 
and the channel demultiplexers 32 and the channel multiplexers 34 form pairs each having 
the same transmission characteristics, and may be formed, for example, by an arrayed 
waveguide grating (AWG) filter. The wavelength-group demultiplexer 3 1 and the 
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wavelength-group multiplexer 35 may also be formed by dielectric multilayer filters, fiber 
gratings or the like in addition to the AWG. In the following description the transmission 
characteristics of the wavelength-group demultiplexer 3 1 and the channel demultiplexers 
32 are shown, however, the same description applies to the wavelength-group multiplexer 
35 and the channel multiplexers 34. 

FIG. 2 shows the transmission characteristics of the wavelength-group demultiplexer 
3 1 and the channel demultiplexers 32. The frequency spacing between adjacent channels 
(hereinafter referred to as "channel frequency spacing") of multi-wavelength light output 
from the multi- wavelength generation light source 1 is set to Af. The FSR of the 
wavelength-group demultiplexer 3 1 is set equal to or greater than the frequency band of 
the multi-wavelength light output from the multi-wavelength generation light source 1, 
while the full width at half maximum of the transmission characteristics of each port is set 
to approximately a multiple (n x Af) of the channel frequency spacing Af, and the 
frequency spacing between adjacent transmission center frequencies (hereinafter referred 
to as "transmission center frequency spacing") Av is set such that Av > n x Af. The FSR 
of the channel demultiplexer 32 is set equal to or greater than the full width at half 
maximum of the transmission characteristics of each port of the wavelength-group 
demultiplexer 3 1 , while the transmission center frequency spacing of each port is set to Af. 
As a result wavelength-group demultiplexing and channel demultiplexing of 
multi-wavelength light become possible. 

In stead of outputting multi-wavelength light with each channel uniformly lined up 
at the channel frequency spacing Af (FIG. 2), as is shown in FIG. 3, the multi-wavelength 
generation light source 1 may output multi-wavelength light in which a plurality of 
wavelength sets are distributed in the frequency domain, and each wavelength set formed 
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from n number of channels lined up at the channel frequency spacing Af has the center 
frequency spacing of Av and satisfies the relationship Av > n x Af. In this case, the 
transmission center frequency difference between output (or input) ports that are adjacent 
on the wavelength domain of the wavelength-group demultiplexer (or wavelength-group 
multiplexer) is set to p (wherein p is an arbitrary natural number) times the center 
frequency difference of each wavelength set of the multi-wavelength light. When p = 1 
each wavelength set of the multi-wavelength light matches each wavelength group 
demultiplexed (or multiplexed) by the wavelength-group demultiplexer (or multiplexer). 

A description will now be given of the structure of the multi-wavelength generation 
light source 1 that generates multi-wavelength light such as that shown in FIG. 3 and of 
the transmission characteristics of the wavelength-group demultiplexer, wavelength-group 
multiplexer, channel demultiplexer and channel multiplexer for suppressing power level 
deviations between channels. Note that in order to suppress power level deviations, for 
example, a scheme in which optical spectrum flattening is performed using a super 
continuum light source may be used, or a scheme in which optical spectrum flattening is 
performed using an optical filter having the opposite characteristics from the optical 
spectrum configuration output by the multi-wavelength generation light source. In the 
present embodiment, by providing the wavelength-group demultiplexer and 
wavelength-group multiplexer with transmission characteristics that have the opposite 
configuration from the optical spectrum of the multi-wavelength light output from the 
multi-wavelength generation light source, power level deviations between channels are 
suppressed. 

<First structural example of the multi-wavelength generation light source 1> 
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FIG. 4 shows a first structural example of the multi-wavelength generation light 
source 1 . This example is a multi-wavelength generation light source 1 (Japanese Patent 
Application No. 2001-199791) that generates multi-wavelength light by performing phase 
modulation and intensity modulation (amplitude modulation) using electrical signals (e.g., 
a sinusoidal wave) having a specific repetition cycle on continuous light having a plurality 
of center frequencies, and by generating sideband for each center frequency. 

In FIG. 4 the multi-wavelength generation light source 1 is provided with a light 
generating section 10 and a multi-wavelength modulating section 20. The light 
generating section 10 is provided with n number of semiconductor lasers (LD) 1 1-1 to 
1 1-n that generate continuous light having the respectively different center frequencies fl 
to fh, and an optical multiplexer 12 that multiplexes the continuous light The 
multi-wavelength modulating section 20 is provided with an intensity modulator 21 that 
modulates the intensity (i.e., modulates the amplitude) of light output from the light 
generating section 10 and a phase modulator 22 that modulates the phase of light output 
from the light modulating section 10 (the order of the respective modulators is optional 
and the intensity modulator 2 1 may also be positioned downstream from the phase 
modulator 22), a cyclic signal generator 23 that generates a predetermined cyclic signal (a 
sinusoidal wave) to be applied to each modulator, and voltage adjusting sections 24 and 25 
that adjust the applied voltage and bias voltage of the cyclic signals. The 
multi-wavelength modulating section 20 may also use, for example, a Mach-Zehnder 
intensity modulator to perform phase modulation in a branched path and allow an overall 
intensity modulation (amplitude modulation) to be performed. 

The intensity modulator 21 modulates the amplitude of the temporal waveform of 
the light (continuous light) output from the light generating section 10 using a fixed 
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frequency corresponding to the desired wavelength spacing. As a result, an optical 
spectrum having the output frequency of the light generating section as the center 
frequency and sidebands of discrete wavelengths of the relevant frequency spacing is 
obtained as the output light of the intensity modulator 2 1 . Furthermore, the phase 
modulator 22 modulates the phase of the modulated wave to deviate the discrete optical 
spectrum to the upper and lower sidebands in the frequency domain. Here, by adjusting 
the frequency deviation amount of each modulator and performing control such that the 
discrete optical spectra are superposed and the power level deviation of each sideband is 
made the same, an optical spectrum is obtained that has sidebands at an equal spacing 
relative to the respective center frequencies fl to fh, such as is shown in FIG. 5. 
However, in the optical spectrum of this multi-wavelength light the center frequency 
power is lowered due to the effect of the phase modulation. 

By using a wavelength-group demultiplexer and a wavelength-group multiplexer (3 1 , 
35) whose transmission characteristics are the Gaussian distribution, it is possible to 
suppress the power level deviations between channels for the multi-wavelength light 
having the above type of optical spectrum. 

FIG. 6 shows the transmission characteristics of the wavelength-group demultiplexer 
3 1 and the channel demultiplexer 32 corresponding to the first structural example of the 
multi-wavelength generation light source 1 . As is shown in FIG. 6, by using a 
wavelength-group demultiplexer 31 whose transmission characteristics are the Gaussian 
distribution, and by matching the transmission center frequency thereof with the center 
frequencies fl to fh of the wavelength sets of the multi-wavelength light, and by further 
using a channel demultiplexer 32 in which the transmission center frequency is set to the 
channel frequency spacing Af, it is possible to perform demultiplexing into respective 
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wavelength channels in which the power level deviation is suppressed. 

<Second structural example of the multi-wavelength generation light source 1> 

FIG. 7 shows a second structural example of the multi-wavelength generation light 
source 1. 

In FIG. 7 the multi-wavelength generation light source 1 is provided with a plurality 
of repetitive pulse light sources 41-1 to 41-n that output repetitive short optical pulses each 
having a different center frequency, and an optical multiplexer 42 that multiplexes each of 
the repetitive short optical pulses. 

Because the optical spectrum of the multi-wavelength light output from the 
multi-wavelength generation light source 1 closely resembles the Gaussian distribution, by 
using a wavelength-group demultiplexer and a wavelength-group multiplexer (3 1 and 35) 
whose transmission characteristics exhibit a notch of transmittance in the center of the 
transmission wavelength band it is possible to suppress power level deviations between 
channels. 

FIG. 8 shows the transmission characteristics of the wavelength-group demultiplexer 
3 1 and the channel demultiplexer 32 corresponding to the second structural example of the 
multi-wavelength generation light source 1. As is shown in FIG. 8, by using a 
wavelength-group demultiplexer 3 1 whose transmission characteristics exhibit a notch of 
transmittance in the center of the transmission wavelength band on the Gaussian 
distribution of multi-wavelength light, and by matching the transmission center frequency 
thereof with the center frequencies fl to fii of the wavelength sets of the multi-wavelength 
light, and by further using a channel demultiplexer 32 in which the transmission center 
frequency is set to the channel frequency spacing Af, it is possible to perform 
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demultiplexing into respective wavelength channels in which the power level deviation is 
suppressed. 

Moreover, in the above described first embodiment, in order to suppress power level 
deviations it is not absolutely necessary that only the transmission characteristics of the 
wavelength-group demultiplexer be controlled, and it is also possible to perform control 
such that the total transmission characteristics of the wavelength-group demultiplexer and 
the wavelength-group multiplexer achieve the above described suppression of the power 
level deviation. 

[Second Embodiment] 

FIG. 9 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to the second embodiment of the present 
invention. Note that the same reference symbols are given to component elements that 
are the same as those shown in FIG. 1 . The features of the present embodiment are the 
providing of light reflection device 6 that reflects the output of the optical modulators 
33-1 1 to 33-mn; the uniting of the wavelength-group demultiplexer 3 1 and the 
wavelength-group multiplexer 35 as a wavelength-group multiplexer / demultiplexer 3; 
and the uniting of the channel demultiplexer 32 and the channel multiplexer 34 as a 
channel multiplexer / demultiplexer 4. Note that the output ftom the multi-wavelength 
generation light source I is connected to the wavelength-group multiplexer / demultiplexer 
3, and an optical circulator 2 or an optical input/output device having the same functions 
as an optical circulator is used to extract the multiplexed output from the 
wavelength-group multiplexer / demultiplexer 3 as an output from the wavelength-division 
multiplexed optical signal transmitter. 
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In FIG. 9, the optical circulator 2 inputs multi-wavelength light output from the 
multi-wavelength light source 1 into the wavelength-group multiplexer / demultiplexer 3. 
The wavelength-group multiplexer / demultiplexer 3 demultiplexes the input 
multi-wavelength light into respective wavelength groups and inputs the wavelength 
groups into the channel multiplexer / demultiplexers 4-1 to 4-m. Each channel 
multiplexer / demultiplexer 4 demultiplexes each wavelength group into a plurality of 
optical carriers that have the same wavelength spacing. The optical modulators 33- 1 1 to 
33-mn modulate the optical carriers of corresponding wavelengths, and the light reflection 
device 6 reflects the respective modulated light The channel multiplexer / 
demultiplexers 4-1 to 4-m multiplex the modulated signal light of respective channels for 
each wavelength group, and the wavelength-group multiplexer / demultiplexer 3 
multiplexes the wavelength-division multiplexed signal light of each wavelength group. 
The optical circulator 2 transmits this multiplexed light along an optical transmission path. 

A mirror coated with a metal film or a dielectric multilayer, or a diffraction grating 
or fiber Bragg grating, which is a device for reflecting a specific wavelength, or the like 
can be used as the light reflection device 6. Note also that in FIG, 9 the optical 
modulator 33 and the light reflection device 6 are in contact with each other, however, it is 
also possible to employ a structure in which these two are optically connected by an 
optical fiber or optical waveguide. 

In the above embodiment, the total transmission characteristics of the 
wavelength-group demultiplexer and the wavelength-group multiplexer achieve the 
above-described suppression of the power level deviation. 

[Third Embodiment] 
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In the first embodiment it was shown that power level deviations between channels 
can be suppressed by providing transmission characteristics of each output port of the 
wavelength-group multiplexer / demultiplexer that have the opposite configuration from 
the optical spectrum of the multi-wavelength light output from the multi-wavelength 
generation light source 1 . The present embodiment suppresses power level deviations 
between channels independent of the transmission characteristics of the wavelength-group 
multiplexer / demultiplexer. 

FIG. 10 shows the third embodiment of the wavelength-division multiplexed optical 
signal transmitter of the present invention. 

In FIG. 10 the wavelength-division multiplexed optical signal transmitter of the 
present embodiment is provided with a multi-wavelength generation light source 1 that 
generates multi-wavelength light having a plurality of wavelengths, a wavelength-group 
demultiplexer 31 that demultiplexes the multi-wavelength light into respective wavelength 
groups formed by a respective plurality of wavelength channels, channel demultiplexers 
32-1 to 32-m that demultiplex each wavelength group into the respective plurality of 
wavelength channels, semiconductor optical amplifiers (SO A) 36-1 1 to 36-mn that adjust 
the power level of the light of respective wavelength channels, a plurality of optical 
modulators 33-1 1 to 33-mn that modulate the light of respective wavelength channels 
using transmission signals, channel multiplexers 34-1 to 34-m that respectively multiplex 
the modulated signal light of respective wavelength channels for each wavelength group, 
and a wavelength-group multiplexer 35 that multiplexes the wavelength-division 
multiplexed signal light of each wavelength group output from each of the channel 
multiplexers. Component elements other than the multi-wavelength generation light 
source 1 form a multi-wavelength optical modulation circuit. 
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Note that the semiconductor optical amplifiers 36-1 1 to 36-mn may also be 
positioned downstream from the optical modulators 33-1 1 to 33-mn. In addition, it is 
possible to use semiconductor optical amplifiers or electroabsorption optical modulators as 
the optical modulators 33-1 1 to 33-mn. 

In the present embodiment, light of each wavelength channel demultiplexed by the 
channel demultiplexer 32 is input into the semiconductor optical amplifier 36. By 
adjusting the bias current of the semiconductor optical amplifier 36 for controlling the gain, 
power level deviations between channels are suppressed. If the configuration of the 
optical spectrum of the multi-wavelength light output from the multi-wavelength 
generation light source 1 is known in advance then the gain control of each semiconductor 
optical amplifier can be performed in accordance with the optical spectrum, and power 
level deviations between channels can be suppressed. If, on the other hand, the 
configuration of the optical spectrum of the multi-wavelength light is not known in 
advance the power of each channel is detected using a monitor circuit (not shown) and the 
gain control of each semiconductor optical amplifier is performed in accordance with the 
detection result. 

[Fourth Embodiment] 

FIG. 1 1 shows the fourth embodiment of the wavelength-division multiplexed 
optical signal transmitter of the present invention. 

The present embodiment is characterized in that the semiconductor optical amplifier 
36 for controlling power levels and the optical modulator 33 used in the third embodiment 
are formed by a single semiconductor optical amplifier (SOA) 37. In addition, the 
present embodiment is characterized in that a transmission signal is applied to the 
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semiconductor optical amplifier 37, and gain control is performed by adjusting the 
superposing bias current in the transmission signals. Power level deviation between 
channels can be suppressed using the above structure. Component elements other than 
the multi-wavelength generation light source 1 form a multi-wavelength optical 
modulation circuit. 

As has been described above, according to the first to fourth embodiments, in a 
multi-wavelength optical modulation circuit and wavelength-division multiplexed optical 
signal transmitter that generate multi-wavelength light using a multi-wavelength 
generation light source, demultiplex this multi-wavelength light, modulate the light of 
each of the wavelength channels using a plurality of optical modulators, and perform 
wavelength-division multiplexing on the modulated signal light, by using a 
wavelength-group multiplexer / demultiplexer and a channel multiplexer / demultiplexer, 
it is possible to perform demultiplexing into individual wavelength channels for 
multi-wavelength light having a frequency band equal to or greater than the FSR of the 
AWG. In addition, since the frequency spacing of the seed lasers (e.g., semiconductor 
lasers) forming the multi-wavelength generation light source matches with the FSR of the 
AWG forming the channel multiplexer / demultiplexers, it is possible to apply AWG 
having the same characteristics to different wavelength groups using the cyclic nature of 
AWG in which respective FSRs have the same transmission characteristics. Accordingly, 
there is no need to perform multi-product low volume production of the AWG that form 
the channel multiplexer / demultiplexers. 

Furthermore, by making the transmission characteristics of each output port of the 
wavelength-group multiplexer / demultiplexer opposite to the configuration of the optical 
spectrum of the multi-wavelength light, or by providing a device for adjusting the power 
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levels of respective channels, even if the power of each wavelength of light output from 
the multi-wavelength generation light source is not uniform, it is possible to suppress 
power level deviations between wavelength channels and make the power uniform for 
each wavelength of the transmission optical signals. As a result, the cross-talk generated 
by a high power wavelength to a low power wavelength is lessened and excessive 
degradation can be prevented. In addition, because the need to reduce the overall power 
so that high power wavelengths do not degrade due to a non-linear effect no longer arises, 
noise in the low power wavelengths does not increase excessively. 

The fifth to tenth embodiments described below are intended to increase the 
reliability of the multi-wavelength generation light source by using a redundant structure 
in the multi-wavelength generation light source. 

[Fifth Embodiment] 

FIG. 12 shows the fifth embodiment of the wavelength-division multiplexed optical 
signal transmitter of the present invention* 

In FIG. 12 the wavelength-division multiplexed optical signal transmitter of the 
present embodiment is provided with two multi-wavelength generation light sources 201-1 
and 201-2 and an optical switch 241 which selects one of the multi-wavelength generation 
light sources to connect the selected multi-wavelength generation light source to an optical 
modulating section 203. Note that the optical modulating section 203 forms a 
multi-wavelength optical modulation circuit. The two multi-wavelength generation light 
sources 201-1 and 201-2 are provided with a light generating section 210 and a 
multi-wavelength modulating section 220. 

When an abnormality occurs in multi-wavelength light output from the one 
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(working) multi-wavelength generation light source that is selected, the optical switch 241 
switches automatically or manually to the other (protection) multi-wavelength generation 
light source. As a result, a stable supply of multi-wavelength light to the optical 
modulating section 203 is obtained. 

Here, as the multi- wavelength generation light source 201 shown in FIG. 12, a 
multi-wavelength generation light source can be used that, for example, performs phase 
modulation and intensity modulation (amplitude modulation) using electrical signals (e.g., 
sinusoidal waves) having a specific repetition cycle on light having a single center 
frequencies, and that generates multi-wavelength light having a plurality of center 
wavelengths by generating sidebands (Japanese Patent Application No. 2001-199790 
(referred to below as the "prior application**). 

FIG. 13 shows a structural example of a wavelength-division multiplexed optical 
signal transmitter that uses the multi-wavelength generation light source of the prior 
application. Note that in FIG. 13 the optical switch 241 shown in FIG. 12 is omitted 
from the drawing. Further, FIGS. 14A to 14C show the principle of the generation of 
multi-wavelength light in the multi-wavelength generation light source of the prior 
application. 

In FIG. 13, the multi-wavelength generation light source 201 is provided with a light 
generating section 2 1 0 and a multi-wavelength modulating section 220. The light 
generating section 210 has a semiconductor laser (LD) 21 1 that generates light having a 
single center wavelength. The multi-wavelength modulating section 220 is provided with 
an intensity modulator 221 that modulates the intensity (modulates the amplitude) of light 
output from the light generating section 210 and a phase modulator 222 that modulates the 
phase of light output from the light generating section 210 (the order of the respective 
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modulators is optional), a cyclic signal generator 223 that generates predetermined cyclic 
signals (a sinusoidal wave) to be applied to each modulator, and voltage adjusting sections 
224 and 225 that adjust the applied voltage and bias voltage of the cyclic signals. The 
multi-wavelength modulating section 220 may also use, for example, a Mach-Zehnder 
intensity modulator to perform phase modulation in a branched path and allow an overall 
intensity modulation (amplitude modulation) to be performed. 

The intensity modulator 221 modulates the amplitude of the temporal waveform of 
the light (continuous light) output from the light generating section 210 using a fixed 
frequency corresponding to the desired wavelength spacing. As a result, an optical 
spectrum having the output frequency of the light generating section in the center and 
sidebands of discrete wavelengths of the relevant frequency spacing is obtained as the 
output light (FIG. 14 A). Furthermore, the phase modulator 222 modulates the phase of 
the modulated light; thereby the discrete optical spectrum is deviated to the upper and 
lower sidebands in the frequency domain (FIG. 14B). Here, since the discrete optical 
spectra superpose by the adjustment of the frequency deviation amount, it is possible to 
control the deviation in the power level of each sideband at a constant amount (FIG. I4C). 

As is shown in FIG. 4 (the first embodiment), the light generating section 210 may 
also be provided with n number of semiconductor lasers (LD) 1 1-1 to 1 1 -n that generate 
light that each has a different center frequency, and that uses the optical multiplexer 12 to 
multiplex laser light and to output multiplexed light. In this case, the multi-wavelength 
modulating section 20 (see FIG. 4) generates sidebands for each center wavelength, so that 
multi-wavelength light can be generated across an even wider frequency band. 

When the wavelength-division multiplexed optical signal transmitter is formed using 
the multi-wavelength generation light source of the prior application, as is shown in FIG. 
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13, an optical modulator 203 having an optical demultiplexer 231 that spectrum slices the 
multi-wavelength light into the respective wavelengths is used. In the optical modulating 
section 203, the optical modulators 232-1 to 232-n modulate the light of the respective 
wavelengths demultiplexed by the optical demultiplexer 231 using transmission signals, 
the optical multiplexer 233 performs wavelength-division multiplexing on the respective 
modulated signal light. 

Compared with the structure of the wavelength-division multiplexed optical signal 
transmitter in which the same number of semiconductor lasers are prepared as the number 
of channels, the wavelength-division multiplexed optical signal transmitter shown in FIG. 
13 is smaller in size and allows a reduction in costs for light sources per channel to be 
achieved. 

Moreover, because the properties of the semiconductor laser are such that an 
oscillation wavelength shift is generated by changes in temperature and changes in the 
injection current, and because the oscillation wavelength also changes over time, a 
wavelength stabilization circuit is necessary to maintain wavelength accuracy in the 
transmission specifications. Because wavelength stabilization needs to be performed for 
each semiconductor laser the semiconductor lasers and wavelength stabilization circuits 
increase and the size of the circuitry in the wavelength-division multiplexed optical signal 
transmitter increases in proportion to the increase in number of wavelength-division 
multiplexes and the increase in density in the wavelength-division multiplexing spacing. 
In contrast, as is shown in FIG. 13, by employing a structure in which the light generating 
section 210 is formed by a single semiconductor laser there does not need to be any 
increase in the size of the circuitry. 
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[Sixth Embodiment] 

FIG. 15 shows the sixth embodiment of the wavelength-division multiplexed optical 
signal transmitter of the present invention. 

As is shown in FIG. 15, in the same way as in the fifth embodiment, the 
wavelength-division multiplexed optical signal transmitter of the present embodiment 
enables multi-wavelength light to be stably supplied using the double multi-wavelength 
generation light sources 201-1 and 201-2, and distributes the multi-wavelength light to a 
plurality (i.e., M number) of optical modulating sections 203-1 to 203-M via an optical 
star coupler 242. This is substantially equivalent to being provided with a plurality (M 
number) of wavelength-division multiplexed optical signal transmitters. Namely, each 
wavelength-division multiplexed optical signal transmitter of a plurality (M number) of 
WDM transmission systems are able to share the double multi-wavelength generation light 
sources 201-1 and 201-2, thereby making a more economical system structure possible. 
Note that the optical modulating sections 203-1 to 203-M form a multi-wavelength optical 
modulation circuit 

[Seventh Embodiment] 

FIG. 16 shows the seventh embodiment of the wavelength-division multiplexed 
optical signal transmitter of the present invention. 

As shown in FIG. 16, the wavelength-division multiplexed optical signal transmitter 
of the present embodiment is provided with a plurality (i.e., N number) of 
multi-wavelength generation light sources 201-1 to 201-N that is more (i.e., N > M) than 
the plurality (i.e., M number) of optical modulating sections 203-1 to 203-M. Note that 
the optical modulating sections 203-1 to 203-M form a multi-wavelength optical 
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modulation circuit. The M number of multi-wavelength generation light sources 201-1 to 
201-M and optical modulating sections 203-1 to 203-M are connected respectively one to 
one via an N x M optical switch 243. A number (N - M) of multi-wavelength generation 
light sources i.e., 201-(M+1) to 201-N are protection light sources. The 
multi-wavelength generation light sources 201-1 to 201-N have the same structure as the 
multi- wavelength generation light sources of the prior application shown in FIG. 13 or FIG. 
4, and are provided with the light generating section 210 and the multi-wavelength 
modulating section 220. The optical modulating sections 203- 1 to 203-M also have the 
same structure as the optical modulating section 203 shown in FIG. 13. As a result, this 
is substantially equivalent to being provided with a plurality (M number) of 
wavelength-division multiplexed optical signal transmitters. 

If a fault occurs, for example, in the multi-wavelength generation light source 201-1 , 
the N x M optical switch 243 switches the connection of the optical modulating section 
203-1 with the multi-wavelength generation light source 201-1 to a connection with the 
protection multi-wavelength generation light source 201-N. The NxM optical switch 
243 is able to make arbitrary connections. For example, if N = M + 2, it is able to switch 
to protection light sources even if faults occur in two arbitrary multi-wavelength 
generation light sources, and is thereby able to provide a stable supply of multi-wavelength 
light. 

[Eighth Embodiment] 

FIG. 17 shows the eighth embodiment of the wavelength-division multiplexed 
optical signal transmitter of the present invention. 

As shown in FIG. 17, in the wavelength-division multiplexed optical signal 
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transmitter of the present embodiment, the mu I ti -wavelength generation light source 201 is 
provided with a single light generating section 210 and two multi-wavelength modulating 
sections 220-1 and 220-2, and light output from the light generating section 210 is 
distributed to the multi-wavelength modulating sections 220-1 and 220-2 via an optical 
coupler 244. The multi-wavelength light output from one of the multi-wavelength 
modulating sections 220-1 and 220-2 that is selected by the optical switch 245 is input into 
the optical modulating section 203. Note that the optical modulating section 203 forms a 
multi-wavelength optical modulation circuit. The light generating section 2 1 0 and the 
multi-wavelength modulating sections 220-1 and 220-2 have the same structures as the 
light generating section 210 and the multi-wavelength modulating section 220 in the 
multi- wavelength generation light source 201 of the prior application shown in FIG. 13, or 
as the light generating section 10 and the multi -wavelength modulating section 20 shown 
in FIG. 4. The optical modulating section 203 also has the same structure as that shown 
in FIG. 13. 

When an abnormality occurs in multi-wavelength light output from the 
multi-wavelength modulating section that is selected, the optical switch 245 switches 
automatically or manually to the other multi-wavelength modulating section. As a result, 
a stable supply of multi-wavelength light to the optical modulating section 203 is obtained. 

[Ninth Embodiment] 

FIG. 18 shows the ninth embodiment of the wavelength-division multiplexed optical 
signal transmitter of the present invention. 

As shown in FIG. 1 8, in the same way as in the eighth embodiment, in addition to 
the stable supply of multi-wavelength light being provided by the double multi-wavelength 
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modulating sections 220-1 and 220-2, the wavelength-division multiplexed optical signal 
transmitter of the present embodiment distributes the multi-wavelength light to a plurality 
(i.e., M number) of optical modulating sections 203-1 to 203-M via an optical star coupler 
246. Note that the optical modulating sections 203-1 to 203-M form a multi-wavelength 
optical modulation circuit. This is substantially equivalent to being provided with a 
plurality (M number) of wavelength-division multiplexed optical signal transmitters. 
Namely, each wavelength-division multiplexed optical signal transmitter of a plurality (M 
number) of WDM transmission systems are able to share the double multi-wavelength 
modulating sections 220-1 and 220-2, thereby making a more economical system structure 
possible. 

[Tenth Embodiment] 

FIGS. 19A and 19B show the tenth embodiment of the wavelength-division 
multiplexed optical signal transmitter of the present invention. 

As shown in these drawings, the wavelength-division multiplexed optical signal 
transmitter of the present embodiment is provided with a plurality (i.e., N number) of 
multi-wavelength modulating sections 220-1 to 220-N that is more (i.e., N > M) than the 
plurality (i.e., M number) of optical modulating sections 203-1 to 203-M. Note that the 
optical modulating sections 203-1 to 203-M form a multi-wavelength optical modulation 
circuit. Light output from the light generating section 2 1 0 is distributed to the 
multi-wavelength modulating sections 220-1 to 220-N via an optical star coupler 247. 
The M number of multi-wavelength modulating sections 220-1 to 220-M and optical 
modulating sections 203-1 to 203-M are connected respectively one to one via an N x M 
optical switch 248. A number (N - M) of multi-wavelength modulating sections i.e., 
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220-(M+l) to 220-N are protection light sources. The light generating section 210 and 
the multi-wavelength modulating sections 220-1 to 220-N have the same structure as the 
light generating section 210 and the multi-wavelength modulating section 220 of the 
multi-wavelength generation light source 201 of the prior application shown in FIG. 13, or 
the light generating section 10 and the multi-wavelength modulating section 20 shown in 
FIG. 4. The optical modulating sections 203-1 to 203-M also have the same structure as 
that shown in FIG. 13. As a result, this is substantially equivalent to being provided with 
a plurality (M number) of wavelength-division multiplexed optical signal transmitters. 

If a fault occurs, for example, in the multi-wavelength modulating section 220- 1 , the 
N x M optical switch 248 switches the connection between the optical modulating section 
203-1 and the multi-wavelength modulating section 220-1 to a connection with the 
protection multi-wavelength modulating section 220-N. The N x M optical switch 248 is 
able to make arbitrary connections. For example, if N = M + 2, it is able to switch to 
protection light sources even if faults occur in two arbitrary multi-wavelength modulating 
section, and is thereby able to provide a stable supply of multi-wavelength light. 

Here, the number of light generating sections 210 is set at one; however, it is also 
possible to provide a plurality (i.e., m number) of light generating sections 210-1 to 210-m 
having the same structure. In this case, each light generating section distributes output 
light to N/m number (wherein N and m are integers) of multi-wavelength modulating 
sections, and all together delivers output light from the light generating sections 210-1 to 
210-m to N number of multi-wavelength modulating sections 220-1 to 220-N (FIG. 19B). 

Moreover, in the fifth, sixth, eighth, and ninth embodiments an example is given of a 
double structure, however, a redundant structure having three or more elements may also 
be employed. In the above described sixth and eighth to tenth embodiments, when 
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branching loss from the optical star coupler or the optical coupler is too great, it is 
desirable to employ an optical amplifier for amplifying the optical power. 

Because the wavelength-division multiplexed optical signal transmitter of the prior 
application shown in FIG. 13 generates multi-wavelength light by means of a single 
multi-wavelength generation light source 201, if a fault occurs in the multi-wavelength 
generation light source 201, then the supply of multi-wavelength light is completely halted. 
For example, if there is a fault in the multi-wavelength modulating section 220 of the 
multi- wavelength generation light source 201 the supply of multi-wavelength light 
generated for each channel is halted at the same time, and it is not possible to transmit all 
of the huge amount of information that was to be transmitted. 

In contrast, in the above described fifth to tenth embodiments, because a plurality of 
multi-wavelength generation light sources or multi-wavelength modulating sections are 
provided, it is possible to prevent serious damage caused by a fault occurring in the 
working multi-wavelength generation light source or multi-wavelength modulating 
section. 

In addition, because it is possible to improve the reliability of the multi-wavelength 
generation light source generating multi-wavelength light, an inexpensive and highly 
reliable wavelength-division multiplexed optical signal transmitter in which the 
advantages of the cost reduction of the multi-wavelength generation light source are put to 
lull effect can be realized. 

Next, a description will be given in sequence of the eleventh to fifteenth 
embodiments of the present invention, however, firstly, the background thereto will be 
described. 

A lithium niobate (LN) modulator having excellent high-speed modulation 
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characteristics is used as the optical modulator in the wavelength-division multiplexed 
optical signal transmitter. An LN modulator is structured such that a Mach-Zehnder 
interferometer is formed by an optical waveguide on a LiNbC>3 substrate, and the intensity 
of the output light is modulated by changing the refractive index of the optical waveguide 
due to the electrooptic effect. The modulation characteristics thereof vary depending on 
the angle of the plane of polarization of the input laser light. Namely, the LN modulator 
is polarization sensitive. 

FIG, 20 shows an example of the structure of the wavelength-division multiplexed 
optical signal transmitter using an LN modulator as the optical modulator. In this 
structural example the light source of the wavelength-division multiplexed optical signal 
transmitter used for optical wavelength-division multiplexed (WDM) communication (i.e., 
the light source for WDM) is one that uses a multi-wavelength light source that outputs 
multi-wavelength light (Japanese Patent Application No. 2001-199791). 

In FIG. 20, the optical demultiplexer 312 such as an arrayed waveguide grating 
(A WG) filter splits the wavelengths of the multi-wavelength light output from the 
multi-wavelength light source 311. As a result, a plurality of optical carriers having the 
same wavelength spacing are obtained. The optical modulator 3 1 3-1 to 3 1 3-n modulate 
the corresponding optical carriers of respective wavelengths, and the optical multiplexer 
3 14 performs wavelength-division multiplexing on the respective modulated light to 
transmit the multiplexed light on the optical transmission path. Here, in order to make 
the difference in the level of each channel of the multi-wavelength light or 
wavelength-division multiplexing modulated light uniform at the input of the optical 
demultiplexer 312 and the output of the optical multiplexer 314, gain equalization optical 
fiber amplifiers 3 1 5 and 3 1 6, in which the gain is made constant over a given gain 
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bandwidth, are inserted, and each one is amplified to a predetermined optical power. 

Compared with a light source for WDM in which the same number of single mode 
lasers are provided as there are channels, the above multi-wavelength light source makes it 
possible to reduce the number of light sources, hence the wavelength settings for each 
channel can be made easily. 

However, as was described above, because there is a polarization sensitivity in the 
LN modulator and it can only modulate light in a specific polarization state, it is necessary 
to provide all of the devices positioned upstream from the LN modulator with a 
polarization maintain function. Accordingly, in FIG. 20, it is necessary to use 
polarization maintain devices for the gain equalization optical fiber amplifier 315 and the 
optical demultiplexer 312 positioned on the input side of the structure shown in the 
drawing. 

Generally, an arrayed waveguide grating (A WG) filter formed by PLC waveguides 
on a glass substrate (or organic waveguides on a silicon substrate) is used as the optical 
demultiplexer 312. Because the plane of polarization of this A WG is normally 
maintained, it is sufficient if a polarization maintain fiber is attached to an input and 
output pigtail. 

However, to provide the gain equalization optical fiber amplifier 3 1 5 with a 
polarization maintain structure requires a high level of technology and is expensive, and 
thereby prevents the cost of the wavelength-division multiplexed optical signal transmitter 
from being lowered. 

With these circumstances as the background, a wavelength-division multiplexed 
optical signal transmitter according to any one of the eleventh to fifteenth embodiments 
that uses an LN modulator achieves a reduction in cost while making the level difference 
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between channels uniform. 

[Eleventh Embodiment] 

FIG. 2 1 shows the eleventh embodiment of the present invention. The present 
embodiment is characterized in that in the wavelength-division multiplexed optical signal 
transmitter that uses the multi-wavelength light source 311 shown in FIG. 20, when an LN 
modulator is used as the optical modulator 313, instead of using a polarization maintain 
device as the gain equalization optical fiber amplifier 3 1 5 positioned on the input side of 
the optical modulator 313, the less expensive polarization maintain optical fiber amplifier 
321 is used and gain equalization is performed to make the difference in level between 
channels on the output side of the optical modulators uniform. Note that because the 
optical demultiplexer 312 is originally a polarization maintain device, by mounting a 
polarization maintain optical fiber on the input and output pigtails, the input side of the 
optical modulator 3 13 is formed into a polarization maintain structure including the 
polarization maintain optical fiber amplifier 321 . 

In FIG. 21, the polarization maintain optical fiber amplifier 321 amplifies 
multi-wavelength light output from the multi-wavelength light source 31 1 and the 
demultiplexer 312 demultiplexes the amplified light into a plurality of optical carriers 
having the same wavelength spacing. The optical carriers of each wavelength are input at 
a respective predetermined polarization into the corresponding optical modulator (LN 
modulator) 3 13-1 to 313-n which modulate the input optical carriers. The optical 
multiplexer 314 performs wavelength-division multiplexing on the modulated light of 
each wavelength that is output from each of the optical modulators, then the 
polarization-insensitive optical fiber amplifier 322 amplifies to a predetermined optical 
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power. The polarization-insensitive gain equalizer 323 then makes the optical level of 
each wavelength uniform, and transmits the light along an optical transmission path. 

The optical fiber amplifier uses as the amplifying medium an optical fiber to which 
rare earth ions such as erbium have been doped. Generally, the optical fiber amplifier is a 
polarization insensitive device in which the plane of polarization of the incident light is 
not maintained. By using an optical fiber formed by doping rare earth ions to the core of 
a polarization maintain optical fiber such as a PANDA fiber as the optical fiber used as the 
amplifying medium, it is possible to obtain the polarization maintain optical fiber 
amplifier 321 in which the plane of polarization of incident light is maintained. 

However, as is shown in FIG. 22, an optical fiber amplifier generally has two 
wavelengths, 1 .53^m and 1 ,56|xm, where the gain is at the peak. This applies also to the 
polarization maintain optical fiber amplifier 321 and the polarization-insensitive optical 
fiber amplifier 322, and the gain within the gain frequency band is not constant. 
Therefore, the difference in level between channels is made uniform using the 
polarization-insensitive gain equalizer 323. Namely, the polarization-insensitive gain 
equalizer 323 has transmission characteristics (loss characteristics) that flatten the product 
of the gain characteristics of the polarization maintain optical fiber amplifier 321 and the 
polarization-insensitive optical fiber amplifier 322, and may be formed, for example, by 
combining optical fiber gratings having several types of transmission characteristics. As 
is shown in FIG. 22, by gain equalizing the gain characteristics of the polarization 
maintain optical fiber amplifier 321 and the polarization-insensitive optical fiber amplifier 
322 using the loss characteristics of the polarization-insensitive gain equalizer 323, the 
same flattened transmission characteristics are obtained as from the gain equalization 
optical fiber amplifiers 3 1 5 and 3 1 6 (see FIG. 20). Note that the order in which the 
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polarization-insensitive optical fiber amplifier 322 and the polarization-insensitive gain 
equalizer 323 are placed is arbitrary. 

[Twelfth Embodiment] 

FIGS. 23A and 23B show the twelfth embodiment of the present invention. The 
feature of the twelfth embodiment is, in the structure of the eleventh embodiment shown in 
FIG, 21, the uniting of the optical demultiplexer 312 and the optical multiplexer 3 14 as a 
single optical multiplexer / demultiplexer 332 using light reflection device 33 1 (called an 
LN modulation device in which an optical modulator and a light reflection device are 
combined) that reflects the output of the optical modulators 313-1 to 313-n. Note that the 
output from the polarization maintain optical fiber amplifier 32 1 is connected to the 
optical multiplexer / demultiplexer 332. Furthermore, in order to supply the multiplexed 
output from the optical multiplexer / demultiplexer 332 to the polarization-insensitive 
optical fiber amplifier 322, the optical circulator 333 or an optical input/output device 
having the same functions as the optical circulator 333 is used. 

In FIG. 23 A, the polarization maintain optical fiber amplifier 321 amplifies 
multi-wavelength light output from the multi-wavelength light source 311. The 
amplified light is input into the optical multiplexer / demultiplexer 332 via the optical 
circulator 333, The optical multiplexer / demultiplexer 332 demultiplexes input light into 
a plurality of optical carriers having the same wavelength spacing. The optical modulator 
(LN modulator) 313-1 to 313-n modulate the corresponding optical carriers of each 
wavelength, and the light reflection device 331 reflects the modulated light, and then the 
optical multiplexer / demultiplexer 332 performs wavelength-division multiplexing. The 
wavelength-division multiplexed light is transmitted to the polarization-insensitive optical 
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fiber amplifier 322 via the optical circulator 333 which amplifies the transmitted light to a 
predetermined optical power. The polarization-insensitive gain equalizer 323 makes the 
optical level of each wavelength uniform, and then transmits the light along an optical 
transmission path. 

Note that, for example, a mirror coated with a metal film or a dielectric multilayer 
can be used as the light reflection device 33 1 . Alternatively, a diffraction grating or fiber 
Bragg grating, which is a device for reflecting a specific wavelength, or the like can be 
used. 

Note that it is also possible to employ a structure in which the optical modulator 313 
and the light reflection device 33 1 are optically connected by an optical fiber or optical 
waveguide, as is shown in FIG. 23 A, or to employ a structure in which these two are in 
contact with each other, as is shown in FIG. 23B. 

[Thirteenth Embodiment] 

FIGS. 24A and 24B show the thirteenth embodiment of the present invention. The 
features of the thirteenth embodiment are, in the structure of the twelfth embodiment 
shown in FIGS. 23 A and 23B, the polarization maintain optical fiber amplifier 32 1 also 
performing the functions of the polarization-insensitive optical fiber amplifier 322, and the 
polarization maintain optical fiber amplifier 321 being positioned between the optical 
circulator 333 and the optical multiplexer / demultiplexer 332. Namely, the polarization 
maintain optical fiber amplifier 32 1 is a bi-directional amplifier. As a result, the cost can 
be reduced even Anther. 

In FIG. 24A, multi-wavelength light output from the multi-wavelength light source 
3 1 1 is input into the polarization maintain optical fiber amplifier 32 1 via the optical 
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circulator 333. The polarization maintain optical fiber amplifier 321 amplifies the 
multi-wavelength light to output to the optical multiplexer / demultiplexer 332. The 
optical multiplexer / demultiplexer 332 demultiplexes the amplified light into a plurality of 
optical carriers having the same wavelength spacing. The optical modulator (LN 
modulator) 313-1 to 313-n modulate the corresponding optical carriers of each wavelength, 
and then the light reflection device 33 1 reflects the modulated light. The optical 
multiplexer / demultiplexer 332 performs wavelength-division multiplexing on the 
reflected light, and the polarization maintain optical fiber amplifier 321 amplifies the 
resultant wavelength-division multiplexed light to a predetermined optical power, and the 
amplified light is transmitted to the polarization-insensitive gain equalizer 323 via the 
optical circulator 333. The polarization-insensitive gain equalizer 323 makes the optical 
level of each wavelength uniform, and transmits the light along an optical transmission 
path. 

Note that it is also possible to employ a structure in which the optical modulator 3 1 3 
and the light reflection device 33 1 are optically connected by an optical fiber or optical 
waveguide, as is shown in FIG. 24A, or to employ a structure in which these two are in 
contact with each other, as is shown in FIG. 24B. 

In the twelfth embodiment, it is necessary for the polarization-insensitive gain 
equalizer 323 to equalize the two wavelength sensitivities of the polarization maintain 
optical fiber amplifier 32 1 and polarization-insensitive optical fiber amplifier 322. In 
contrast, in the present embodiment because it is only necessary to equalize the 
wavelength sensitivity of the one polarization maintain optical fiber amplifier 321, it is 
easy to set the wavelength characteristics of the polarization-insensitive gain equalizer 
323. 
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[Fourteenth Embodiment] 

FIG. 25 shows the fourteenth embodiment of the present invention. The feature of 
the present embodiment is that, instead of using the light reflection device 331 as in the 
twelfth embodiment shown in FIGS. 23 A and 23B, the output from the optical modulators 
313-1 to 313-n is output to ports II to In that are separate from the ports Ol to On of the 
optical multiplexer / demultiplexer 332 for outputting optical carriers to the optical 
modulators, and the multiplexed output thereof is output from another port Om and input 
into the polarization-insensitive optical fiber amplifier 322, thereby omitting the optical 
circulator 333 . The optical multiplexer / demultiplexer 332 can be achieved using an 
AWG. 

In FIG. 25, the polarization maintain optical fiber amplifier 321 amplifies 
multi-wavelength light output from the multi-wavelength light source 311, and the 
amplified light is input into the optical multiplexer / demultiplexer 332. The optical 
multiplexer / demultiplexer 332 demultiplexes the amplified light into a plurality of optical 
carriers having the same wavelength spacing. The optical modulator (LN modulator) 
313-1 to 313-n modulates the corresponding optical carriers of each wavelength, and the 
modulated light is output to the optical multiplexer / demultiplexer 332. The optical 
multiplexer / demultiplexer 332 performs wavelength-division multiplexing to output the 
resultant wavelength-division multiplexed light from the port Om that is different frt>m the 
port Im into which the multi-wavelength light is input. The polarization-insensitive 
optical fiber amplifier 322 amplifies the output light to a predetermined optical power. 
The polarization-insensitive gain equalizer 323 makes the optical level of each wavelength 
uniform, and transmits the light along an optical transmission path. 
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Note that the structure of the present embodiment can be seen as a structure formed 
by uniting the optical demultiplexer 312 and the optical multiplexer 314 of the eleventh 
embodiment shown in FIG. 21 . 

[Fifteenth Embodiment] 

In the fifteenth embodiment, instead of using the multi-wavelength light source 311, 
as in the eleventh, twelfth, and fourteenth embodiments, spectrum sliced light is used that 
is obtained by slicing amplified spontaneous emission light (ASE) in the frequency 
domain using an optical filter. Namely, the multi-wavelength light source 3 1 1 shown in 
FIGS. 21, 23 A, 23B, and 25 is removed, the input of the polarization maintain optical fiber 
amplifier 321 is optically terminated and a generated ASE is used. FIG. 26 A corresponds 
to the eleventh embodiment shown in FIG. 2 1 , while FIG. 26B corresponds to the twelfth 
embodiment shown in FIG. 23 A. In the same way, the structure can also be 
corresponded to the fourteenth embodiment shown in FIG. 25. 

As shown, for example, in FIG. 26A, the optical demultiplexer 312 demultiplexes 
ASE output from the polarization maintain optical fiber amplifier 321 into spectrum sliced 
light of narrow bandwidths having different wavelengths. The optical modulators 313-1 
to 313-n modulate the corresponding spectrum sliced light of each wavelength, and then 
the optical multiplexer 314 performs wavelength-division multiplexing on the respective 
modulated light. The polarization-insensitive optical fiber amplifier 322 amplifies the 
multiplexed light to a predetermined optical power, and then the polarization-insensitive 
gain equalizer 323 makes the optical level of each wavelength uniform, and transmits the 
light along an optical transmission path. 

The above described eleventh to fifteenth embodiments use a low cost polarization 
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maintain optical fiber amplifier on the input side of the LN modulators, and provide a 
polarization-insensitive optical fiber amplifier and a polarization-insensitive gain equalizer 
on the output side of the LN modulators. Accordingly, the polarization maintain type of 
gain equalization optical fiber amplifier that is hard to manufacture and is expensive 
becomes unnecessary. As a result, it is possible to deal with the polarization sensitivity 
of the LN modulator while making the differences in level between channels uniform at 
low cost. 

Furthermore, by employing a structure in which the optical demultiplexer and the 
optical demultiplexer are united, and in which the polarization maintain optical fiber 
amplifier and the polarization-insensitive optical fiber amplifier are united, an even greater 
lowering in cost can be achieved. 

Moreover, in a structure in which the polarization maintain optical fiber amplifier 
and the polarization-insensitive optical fiber amplifier are united (FIGS. 24A and 24B), 
because it is sufficient if the polarization-insensitive gain equalizer equalizes the 
wavelength sensitivity of the polarization maintain optical fiber amplifier the setting of the 
wavelength characteristics thereof is easy. 

[Sixteenth Embodiment] 

In the above embodiments, in order to avoid the wavelengths of optical side modes 
output from different seed lasers being superposed, frequencies in the middle of center 
frequencies of seed lasers that are adjacent in the frequency domain are not used. The 
present embodiment also uses such frequencies so as to form continuous frequencies with 
equal spacing and no gaps, so that the efficiency of frequency utilization is further 
increased. 
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FIG. 27 is a block diagram showing the structure of the wavelength-division 
multiplexed optical signal transmitter according to the present embodiment, and is 
provided with the optical combiner 402 and the wavelength-division multiplexed optical 
signal transmission sections 401-1 and 401-2 that correspond to the wavelength-division 
multiplexed optical signal transmitters of each of the above described embodiments. 
When all of the optical frequencies f|, f 2 , . . . f n . . . are equally spaced, one of the 
wavelength-division multiplexed optical signal transmission sections 401-1 and 401-2 
outputs the optical frequencies fi to f n , f 2n +i to f 3n , £* n +i to f 5 „, etc., while the other 
wavelength-division multiplexed optical signal transmission section outputs the optical 
frequencies f^i to f 2n , f3n+i to £f ft , f 5n +t to f 6n , etc. The optical combiner 402 combines the 
outputs of the wavelength-division multiplexed optical signal transmission sections 401-1 
and 401-2 and transmits the combined output on the transmission path. As a result, as is 
shown in FIG. 27, light of a uniform frequency is output at equal frequency spacing from 
the optical combiner 402. Note that the number of wavelength-division multiplexed 
optical signal transmission sections 401 is not limited to two and it is also possible for 
three or more to be used. 

[Seventeenth Embodiment] 

The above described embodiments can be broadly grouped as follows: Embodiments 
1 to 4 (referred to below as group 1); Embodiments 5 to 10 (referred to below as group 2); 
Embodiments 1 1 to 15 (referred to below as group 3); and Embodiment 16 (referred to 
below as group 4). It will be clear to a person skilled in the art that it is possible for two, 
three, or four of these groups to be arbitrarily combined, and an example of such a 
combination is described below. 
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FIG. 28 is a block diagram showing the structure of a wavelength-division 
multiplexed optical signal transmitter formed through a combination of groups 1 and 3. 
FIG. 29 shows the optical loss (gain) deviation relative to the wavelength and the deviation 
in the optical power level at the input and output of the wavelength-division multiplexed 
optical signal transmitter. The wavelength-division multiplexed optical signal transmitter 
shown in FIG. 28 is provided with a light source section 510, multi-wavelength optical 
modulation circuits 520-1 and 520-2, and a 2 x 1 optical switch 530. 

Because the multi-wavelength optical modulation circuits 520-1 and 520-2 have the 
same structure, only the structure of the multi-wavelength optical modulation circuit 520-1 
is shown in detail. One of the multi-wavelength optical modulation circuits is the 
working modulation circuit (here, the multi-wavelength optical modulation circuit 520-1), 
while the other is the protection modulation circuit (here, the multi-wavelength optical 
modulation circuit 520-2). The protection modulation circuit is not an essential 
component element and it is not necessary for the protection modulation circuit to be 
provided. In this case, the optical switch 530 is also unnecessary. 

The light source section 5 1 0 is provided with the multi-wavelength generation light 
sources 5 1 1-1 and 51 1-2, as well as the optical switch 512. Any of the multi-wavelength 
generation light sources described in each of the embodiments above may be used as the 
multi-wavelength generation light sources 51 1-1 and 51 1-2. For example, if the structure 
shown in FIG. 4 is used, multi-wavelength light is generated simultaneously using a 
multi-wavelength generation scheme in which the intensity and/or phase of a plurality of 
seed lasers is modulated. The structure of the optical switch 512 differs depending on 
whether or not a protection modulation circuit is provided. If no protection modulation 
circuit is provided (in cases other than the sixth, seventh, ninth, and tenth embodiments), 
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the optical switch 512 is formed by a 2 x 1 optical switch. If, however, a protection 
modulation circuit is provided (in the case of the sixth, seventh, ninth, and tenth 
embodiments), the optical switch 5 12 is formed by a 2 x 2 optical switch, and the outputs 
of the double system are connected respectively to the multi-wavelength optical 
modulation circuits 520-1 and 520-2 

In the same way as in FIG. 1 (the first embodiment), each multi-wavelength optical 
modulation circuit 520 is provided with a wavelength-group demultiplexer 522, channel 
demultiplexers 523-1 to 523-m, optical modulators 524-11 to 524-mn, channel 
multiplexers 525-1 to 525-m, and a wavelength-group multiplexer 526. In addition, in 
the same way as in FIG. 21 (the eleventh embodiment), each multi-wavelength optical 
modulation circuit 520 is provided with a polarization maintain optical fiber amplifier 521 , 
whose gain characteristics are not flat, that is positioned upstream from the 
wavelength-group demultiplexer 522, and a polarization-insensitive gain equalizer 527 
positioned downstream from the wavelength-group multiplexer 526. As is shown in FIG. 
29, the polarization-insensitive gain equalizer 527 is designed so as to compensate gain 
deviations of the polarization maintain optical fiber amplifier 521 relative to the 
wavelength. Note that, the polarization-insensitive optical fiber amplifier 322 shown in 
FIG. 21 is omitted, however, it is also possible for the polarization-insensitive optical fiber 
amplifier 322 to be positioned either upstream or downstream from the 
polarization-insensitive gain equalizer 527. 

The transmission center frequency difference between adjacent output ports of the 
wavelength-group demultiplexer 522 corresponds to the frequency difference between 
adjacent wavelengths of the light source section 510. Moreover, as is shown in FIG. 29, 
the transmission center frequency difference between adjacent ports of the 
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wavelength-group demultiplexer 522 is designed to be the same as the frequency spacing 
of the plurality of seed lasers (corresponding to the reference symbols 1 1-1 to 1 1-n shown 
in FIG. 4) provided in the multi-wavelength generation light source 511. In the same way, 
the transmission center frequency difference between adjacent ports of the 
wavelength-group multiplexer 526 is designed to be the same as the frequency spacing of 
the plurality of seed lasers provided in the multi-wavelength generation light source 511. 
In addition, the FSR of the channel demultiplexer 523 and the channel multiplexer 525 is 
designed to be the same as the wavelength spacing of the seed lasers of the 
multi-wavelength generation light source 511. When an abnormality occurs in the 
working modulation circuit, the optical switch 530 switches automatically or manually 
from the working modulation circuit to the protection modulation circuit. 

When the sixteenth embodiment (group 4) is further combined with the 
wavelength-division multiplexed optical signal transmitter shown in FIG. 28, each of the 
wavelength-division multiplexed optical signal transmission sections 401-1 and 401-2 
shown in FIG. 27 is structured so that each section has the same structure as the entire 
structure shown in FIG. 28. Further, FIG. 28 uses the structures for the 
wavelength-group multiplexer / demultiplexer and the channel multiplexer / demultiplexer 
shown in FIG. 1 (the first embodiment) are used, however, it is also possible, for example, 
for those of the second to fourth embodiments to be used. Moreover, the structure for the 
polarization maintain optical fiber amplifier used in the eleventh embodiment is used in 
FIG. 28, however, it is also possible, for example, for those of the twelfth to fifteenth 
embodiments to be used. Further, a structure of the light source section 5 1 0 is described 
in which an optical switch selects one of a plurality of multi-wavelength generation light 
sources, however, it is also possible for the structure of each of the above embodiments to 
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be used. Moreover, in FIG. 28, the optical switch 530 is provided because two 
multi-wavelength optical modulation circuits are used for the working modulation circuit 
and the protection modulation circuit, however, it is also possible to do away with the 
optical switch 530 and use a structure in which a plurality of WDM systems are formed, as 
in the sixth, seventh, ninth, and tenth embodiments. 
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What is claimed is: 

1 . A multi-wavelength optical modulation circuit, comprising: 

a wavelength-group demultiplexer that receives multi-wavelength light having a 
plurality of wavelengths and demultiplexes the multi-wavelength light into wavelength 
groups formed from the respective plurality of wavelengths; 

a plurality of channel demultiplexers that demultiplex each wavelength group into 
light of the respective wavelengths; 

a plurality of optical modulators that modulates the light of respective wavelengths 
demultiplexed by the channel demultiplexers with transmission signals; 

a plurality of channel multiplexers that multiplex the modulated signal light of each 
wavelength output from the optical modulators for each wavelength group; and 

a wavelength-group multiplexer that multiplexes the wavelength-division 
multiplexed signal light of each wavelength group output from each channel multiplexer. 

2. The multi-wavelength optical modulation circuit according to claim 1, wherein 
frequency bands of the multi-wavelength light are equal to or greater than a free spectral 
range of the channel demultiplexers and the channel multiplexers. 

3. The multi-wavelength optical modulation circuit according to claim 2, wherein the 
wavelength-group demultiplexer and wavelength-group multiplexer have free spectral 
ranges equal to or greater than a frequency band of the multi-wavelength light, and 

the channel demultiplexers and channel multiplexers have free spectral ranges that 
correspond to a difference in transmission center frequencies between ports of the 
wavelength-group demultiplexer and wavelength-group multiplexer where wavelengths 
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are adjacent. 

4. The multi-wavelength optical modulation circuit according to claim 1 , wherein the 
multi-wavelength light has an optical spectrum comprising a plurality of wavelength sets 
distributed in the frequency domain, each wavelength set comprises n (wherein n is an 
optional natural number) number of wavelengths lined up at a channel frequency spacing 
of Af, a center frequency spacing of two adjacent wavelength sets is Av, and a relationship 
n x Af < Av is established, 

wherein, when output port numbers of the wavelength-group demultiplexer are 
defined according to transmission frequency sequence, a difference in transmission center 
frequencies between adjacent output ports of the wavelength-group demultiplexer is a 
p-fold value (wherein p is an optional natural number) of Av, 

and wherein, when input port numbers of the wavelength-group multiplexer are 
defined according to transmission frequency sequence, a difference in transmission center 
frequencies between adjacent input ports of the wavelength-group multiplexer is a p-fold j 
value of Av. 

5. The multi-wavelength optical modulation circuit according to claim 4, wherein 
transmission center frequencies of the input and output ports of the wavelength-group 
demultiplexer and the wavelength-group multiplexer match the center frequencies of each 
of the wavelength sets, and the wavelength-group demultiplexer and the wavelength-group 
multiplexer perform demultiplexing or multiplexing in units of the wavelength sets. 

6. The multi-wavelength optical modulation circuit according to claim 5, wherein the 
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multi-wavelength light is formed from the center frequency of each wavelength set and 
sidebands thereof that are obtained by multiplexing a plurality of blocks of continuous 
light each of which has a different center frequency and by performing intensity 
modulation and phase modulation using predetermined cyclic signals. 

7. The multi-wavelength optical modulation circuit according to claim 5, wherein the 
multi-wavelength light is light obtained by multiplexing a plurality of repetitive short 
optical pulses each of which has a different center frequency. 

8. The multi-wavelength optical modulation circuit according to claim 1, wherein the 
wavelength-group multiplexer and the wavelength-group demultiplexer are formed by a 
single wavelength-group multiplexer / demultiplexer that performs multiplexing and 
demultiplexing by transmitting light in opposite directions through a wavelength 
multiplexer / demultiplexer; 

each of the channel multiplexers and the channel demultiplexers is formed by a 
single channel multiplexer / demultiplexer that performs multiplexing and demultiplexing 
by transmitting light in opposite directions through a wavelength multiplexer / 
demultiplexer, and 

there is further provided an optical input/output device that is disposed upstream 
from the wavelength-group multiplexer / demultiplexer and that outputs the 
multi-wavelength light input via a first optical input/output terminal to the 
wavelength-group multiplexer / demultiplexer via a second optical input/output terminal, 
and that outputs via a third optical input/output terminal wavelength-division multiplexed 
signal light input from the wavelength-group multiplexer / demultiplexer via the second 
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optical input/output terminal; 

wherein each of the optical modulators is provided with a fourth optical input/output 
terminal, an optical modulation element, and a light reflection element, and after 
the optical modulation element has modulated light of each wavelength input from the 
channel multiplexer / demultiplexer via the fourth optical input/output terminal, the light 
reflection element reflects the modulated light to output the reflected light to the channel 
multiplexer / demultiplexers via the fourth optical input/output terminal; 

and wherein the channel multiplexer / demultiplexer is disposed between the 
wavelength-group multiplexer / demultiplexer and the optical modulators. 

9. The multi-wavelength optical modulation circuit according to claim 1, wherein the 
optical spectrum of the multi-wavelength light has power level deviations, and 

at least one of the wavelength-group demultiplexer and the wavelength group 
multiplexer has transmission characteristics that cancel out the power level deviations in 
the optical spectrum of the multi-wavelength light. 

10. The multi-wavelength optical modulation circuit according to claim 1 , wherein the 
optical spectrum of the multi-wavelength light has power level deviations, and 

a plurality of semiconductor optical amplifiers that perform adjustments using gain 
control such that power levels of each wavelength are made uniform are provided either 
upstream or downstream from the plurality of optical modulators. 

1 1 . The multi-wavelength optical modulation circuit according to claim 1 , wherein the 
optical spectrum of the multi-wavelength light has power level deviations, and 
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a plurality of semiconductor optical amplifiers are used as the plurality of optica] 
modulators, and each semiconductor optical amplifier performs control such that power 
levels of each wavelength are made uniform by adjusting bias current superposed on the 
transmission signals. 

12. The multi-wavelength optical modulation circuit according to claim 1, wherein there 
is further provided: 

a polarization maintain optical fiber amplifier that is disposed upstream from the 
wavelength-group demultiplexer and that amplifies an optical intensity of the 
multi-wavelength light while maintaining a polarization of the multi-wavelength light; 

a polarization-insensitive optical fiber amplifier that is disposed downstream from 
the wavelength-group multiplexer and that amplifies an optical intensity of 
wavelength-division multiplexed modulated light output from the wavelength-group 
multiplexer independent of the polarization of wavelength-division multiplexed modulated 
light; and 

a polarization-insensitive gain equalizer that is disposed downstream from the 
wavelength-group multiplexer and that makes uniform an optical level of 
wavelength-division multiplexed modulated light output from the wavelength-group 
multiplexer or wavelength-division multiplexed modulated light amplified by the 
polarization-insensitive optical fiber amplifier independent of the polarization of the 
multiplexed modulated light. 

13. The multi- wavelength optical modulation circuit according to claim 1 , wherein 
amplified spontaneous emission light is input instead of the multi -wavelength light. 
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1 4. A wavelength-division multiplexed optical signal transmitter, comprising: 

a multi-wavelength generation light source that generates multi-wavelength light 

having a plurality of wavelengths; and 

a multi-wavelength optical modulation circuit, 

wherein the multi-wavelength optical modulation circuit is provided with: 

a wavelength-group demultiplexer that receives the multi-wavelength light to 
demultiplex the multi-wavelength light into wavelength groups formed from the respective 
plurality of wavelengths; 

a plurality of channel demultiplexers that demultiplex each wavelength group into 
light of the respective wavelengths; 

a plurality of optical modulators that modulates the light of each wavelength 
demultiplexed by the channel demultiplexers with transmission signals; 

a plurality of channel multiplexers that multiplex the modulated signal light of each 
wavelength output from the plurality of optical modulators for each wavelength group; and 

a wavelength-group multiplexer that multiplexes the wavelength-division 
multiplexed signal light of each wavelength group output from each channel multiplexer. 

15. The wavelength-division multiplexed optical signal transmitter according to claim 

14, wherein frequency bands of the multi-wavelength light are equal to or greater than a 
free spectral range of the channel demultiplexers and the channel multiplexers. 

1 6. The wavelength-division multiplexed optical signal transmitter according to claim 

1 5, wherein the wavelength-group demultiplexers and wavelength-group multiplexers 
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have free spectral ranges equal to or greater than a frequency band in which the 
multi-wavelength light output from the multi-wavelength generation light source is located, 
and 

the channel demultiplexers and channel multiplexers have free spectral ranges that 
correspond to a difference in transmission center frequencies between ports of the 
wavelength-group demultiplexer and wavelength-group multiplexer where wavelengths 
are adjacent. 



1 7. The wavelength-division multiplexed optical signal transmitter according to claim 
14, wherein the multi-wavelength generation light source generates multi-wavelength light 
having an optical spectrum comprising a plurality of wavelength sets distributed in the 
frequency domain, each wavelength set comprises n (wherein n is an optional natural 
number) number of wavelengths lined up at a channel frequency spacing of Af, a center 
frequency spacing of two adjacent wavelength sets is Av, and a relationship n x Af < Av is 
established, 

wherein, when output port numbers of the wavelength-group demultiplexer are 
defined according to transmission frequency sequence, a difference in transmission center 
frequencies between adjacent output ports of the wavelength-group demultiplexer is a 
p-fold value (wherein p is an optional natural number) of Av, 

and wherein, when input port numbers of the wavelength-group multiplexer are 
defined according to transmission frequency sequence, a difference in transmission center 
frequencies between adjacent input ports of the wavelength-group multiplexer is a p-fold 
value of Av. 
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1 8. The wavelength-division multiplexed optical signal transmitter according to claim 

1 7, wherein transmission center frequencies of the input and output ports of the 
wavelength-group demultiplexer and the wavelength-group multiplexer match the center 
frequencies of each of the wavelength sets, and the wavelength-group demultiplexer and 
the wavelength-group multiplexer perform demultiplexing or multiplexing in units of the 
wavelength sets. 

19, The wavelength-division multiplexed optical signal transmitter according to claim 

18, wherein the multi-wavelength generation light source is provided with: 

a light generating section that multiplexes a plurality of blocks of continuous light 
each of which has a different center frequency to output the multiplexed light; and 

a multi-wavelength modulating section that performs intensity modulation and phase 
modulation using predetermined cyclic signals on light output from the light generating 
section, and generates multi-wavelength light formed from the center frequency of each 
wavelength set and sidebands thereof 

20. The wavelength-division multiplexed optical signal transmitter according to claim 
1 8, wherein the multi-wavelength generation light source is provided with: 

a plurality of repetitive pulse light sources that output a plurality of repetitive short 
optical pulses each of which have a different center frequency; and 

a multiplexer that multiplexes the plurality of repetitive short optical pulses. 

21 . The wavelength-division multiplexed optical signal transmitter according to claim 
14, wherein the wavelength-group multiplexer and the wavelength-group demultiplexer 
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are formed by a single wavelength-group multiplexer / demultiplexer that performs 
multiplexing and demultiplexing by transmitting light in opposite directions through a 
wavelength multiplexer / demultiplexer; 

each of the channel multiplexers and the channel demultiplexers is formed by a 
single channel multiplexer / demultiplexer that performs multiplexing and demultiplexing 
by transmitting light in opposite directions through a wavelength multiplexer / 
demultiplexer; and 

there is further provided an optical input/output device that is disposed between the 
multi-wavelength generation light source and the wavelength-group multiplexer / 
demultiplexer and that outputs the multi- wavelength light input via a first optical 
input/output terminal to the wavelength-group multiplexer / demultiplexer via a second 
optical input/output terminal, and that outputs via a third optical input/output terminal 
wavelength-division multiplexed signal light input from the wavelength-group multiplexer 
/ demultiplexer via the second optical input/output terminal; 

wherein each of the optical modulators is provided with a fourth optical input/output 
terminal, an optical modulation element, and a light reflection element, and after the 
optical modulation element has modulated light of each wavelength input from the channel 
multiplexer / demultiplexer via the fourth optical input/output terminal, the light reflection 
element reflects the modulated light to output the reflected light to the channel multiplexer 
/ demultiplexers via the fourth optical input/output terminal; 

and wherein the channel multiplexer / demultiplexer is disposed between the 
wavelength-group multiplexer / demultiplexer and the optical modulators. 

22. The wavelength-division multiplexed optical signal transmitter according to claim 
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14, wherein the optical spectrum of the multi-wavelength light output from the 
multi-wavelength generation light source has power level deviations, and 

at least one of the wavelength-group demultiplexer and the wavelength group 
multiplexer has transmission characteristics that cancel out the power level deviations in 
the optical spectrum of the multi-wavelength light. 

23. The wavelength-division multiplexed optical signal transmitter according to claim 
14, wherein the optical spectrum of the multi-wavelength light output from the 
multi-wavelength generation light source has power level deviations, and 

a plurality of semiconductor optical amplifiers that perform adjustments using gain 
control such that power levels of each wavelength are made uniform are provided either 
upstream or downstream from the plurality of optical modulators. 

24. The wavelength-division multiplexed optical signal transmitter according to claim 
14, wherein the optical spectrum of the multi-wavelength light output from the 
multi-wavelength generation light source has power level deviations, and 

a plurality of semiconductor optical amplifiers are used as the plurality of optical 
modulators, and each semiconductor optical amplifier performs control such that power 
levels of each wavelength are made uniform by adjusting bias current superposed on the 
transmission signals. 

25. The wavelength-division multiplexed optical signal transmitter according to claim 
14, wherein there is further provided: 

a polarization maintain optical fiber amplifier that is located between the 
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multi-wavelength generation light source and the wavelength-group demultiplexer and that 
amplifies an optical intensity of the multi-wavelength light while maintaining a 
polarization of the multi-wavelength light; 

a polarization-insensitive optical fiber amplifier that is located downstream from the 
wavelength-group multiplexer and that amplifies an optical intensity of 
wavelength-division multiplexed modulated light output from the wavelength-group 
multiplexer independent of the polarization of wavelength-division multiplexed modulated 
light; and 

a polarization-insensitive gain equalizer that is disposed downstream from the 
wavelength-group multiplexer and that makes uniform an optical level of 
wavelength-division multiplexed modulated light output from the wavelength-group 
multiplexer or wavelength-division multiplexed modulated light amplified by the 
polarization-independent optical fiber amplifier independent of the polarization of the 
multiplexed modulated light. 

26. The wavelength-division multiplexed optical signal transmitter according to claim 
14, wherein a polarization maintain optical fiber amplifier whose input is optically 
terminated and that outputs amplified spontaneous emission light is used instead of the 
multi-wavelength generation light source. 

27. The wavelength-division multiplexed optical signal transmitter according to claim 
14, wherein a plurality of the multi-wavelength generation light sources are provided, and 

each of the multi-wavelength generation light sources is provided with: a light 
generating section that generates light having one or a plurality of center wavelengths; and 
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a multi-wavelength modulating section that performs intensity modulation and phase 
modulation using predetermined cyclic signals on light output from the light generating 
section, and generates multi-wavelength light formed from the center wavelengths and 
sidebands thereof, 

and wherein there is further provided an optical switch that selects one of the 
multi-wavelength generation light sources and connects the selected multi-wavelength 
generation light source to the multi-wavelength optical modulation circuit, and when an 
abnormality occurs in the selected multi-wavelength generation light source switches to 
another multi-wavelength generation light source and connects the switched 
multi-wavelength generation light source to the multi-wavelength optical modulation 
circuit. 

28. The wavelength-division multiplexed optical signal transmitter according to claim 
27, wherein a plurality of the multi-wavelength generation light sources are provided, 

and there is further provided a device for branching multi-wavelength light output 
from a multi-wavelength generation light source selected by the optical switch to supply 
branched light to the plurality of multi-wavelength optical modulation circuits. 

29. The wavelength-division multiplexed optical signal transmitter according to claim 
14, wherein the multi-wavelength generation light source is provided with: light 
generating section that generates light having one or a plurality of center wavelengths; a 
plurality of multi-wavelength modulating sections that perform intensity modulation or 
phase modulation using predetermined cyclic signals on output light from the light 
generating section, and generate multi-wavelength light formed from the center 
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wavelengths and sidebands thereof; and a device for branching light output from the light 
generating section and supplying the branched light to each multi-wavelength modulating 
section, 

wherein there is further provided an optical switch that selects one of the 
multi-wavelength modulating sections and connects the selected multi-wavelength 
modulating section to the multi-wavelength optical modulation circuit, and when an 
abnormality occurs in the selected multi- wavelength modulating section switches to 
another multi-wavelength modulating section and connects the switched multi- wavelength 
modulating section to the multi-wavelength optical modulation circuit. 

30. The wavelength-division multiplexed optical signal transmitter according to claim 
29, wherein a plurality of the multi-wavelength optical modulation circuits are provided, 

and there is further provided a device for branching multi-wavelength light output 
from a multi-wavelength modulating section selected by the optical switch to supply 
branched light to the plurality of multi-wavelength optical modulation circuits. 

31. The wavelength-division multiplexed optical signal transmitter according to claim 
14, wherein the multi-wavelength generation light source is provided with: at least one 
light generating section that generates light having one or a plurality of center 
wavelengths; and n (wherein n is a natural number of two or greater) number of 
multi-wavelength modulating sections that perform intensity modulation or phase 
modulation using predetermined cyclic signals on output light from at least one of the light 
generating sections, and generate multi-wavelength light formed from the center 
wavelengths and sidebands thereof, and a device for branching light output from at least 
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one of the light generating sections and supplying the branched light to each 
multi-wavelength modulating section, 

wherein M (wherein M is an integer of two or greater that satisfies M < N) number 
of the optical modulating sections are provided, 

and wherein there is provided with an N x M optical switch that connects M number 
of the multi-wavelength modulating sections one to one with M number of the 
multi-wavelength optical modulation circuits, and when a fault occurs in any one of the M 
number of multi-wavelength optical modulating sections switches to one of the (N-M) 
number of protection multi-wavelength modulating sections and connects the switched 
protection multi-wavelength modulating section to the corresponding multi-wavelength 
optica] modulation circuit. 

32. The wavelength-division multiplexed optical signal transmitter according to claim 
1 4, wherein there are provided a plurality of wavelength-division multiplexed optical 
signal transmission sections having the multi-wavelength generation light sources and the 
multi-wavelength optical modulation circuits; 

wherein the plurality of wavelength-division multiplexed optical signal transmission 
sections are formed such that a plurality of wavelengths output by the plurality of 
wavelength-division multiplexed optical signal transmission sections do not overlap each 
other but supplement each other; 

and wherein there is further provided an optical combiner that combines outputs of 
the plurality of wavelength-division multiplexed optical signal transmission sections. 
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